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Il. ACT OF INCORPORATION 


No. 3170. 
COMMONWEALTH OF MASSACHUSETTS 


Be It Known, That whereas Alpheus Hyatt, William Sanford 
Stevens, William T. Sedgwick, Edward G. Gardiner, Susan Minns, 
Charles Sedgwick Minot, Samuel Wells, William G. Farlow, Anna D. 
Phillips and B. H. Van Vleck have associated themselves with the 
intention of forming a Corporation under the name of the Marine 
Biological Laboratory, for the purpose of establishing and maintain- 
ing a laboratory or station for scientific study and investigation, and 
a school for instruction in biology and natural history, and have 
complied with the provisions of the statutes of this Commonwealth 
in such case made and provided, as appears from the certificate of 
the President, Treasurer, and Trustees of said Corporation, duly 
approved by the Commissioner of Corporations, and recorded in 
this office: 

Now, therefore, I, Henry B. Pierce, Secretary of the Common- 
wealth of Massachusetts, do hereby certify that said A. Hyatt, W. S. 
Stevens, W. T. Sedgwick, E. G. Gardiner, S. Minns, C. S. Minot, S. 
Wells, W. G. Farlow, A. D. Phillips, and B. H. Van Vleck, their asso- 
ciates and successors, are legally organized and established as, and 
are hereby made, an existing Corporation, under the name of the 


Marine BrotocicaL Laporatory, with the powers, rights, and privi- 


leges, and subject to the limitations, duties, and restrictions, which by 
law appertain thereto. 


Witness my official signature hereunto subscribed, and the seal of 
the Commonwealth of Massachusetts hereunto affixed, this twentieth 
day of March, in the year of our Lord OnE TuHousanp, Ercut Hun- 
DRED AND E1GHTY-EIGHT. 

HENRY B. PIERCE, 
Secretary of the Commonwealth. 
[SEAL.] 





Ill. BY-LAWS OF THE CORPORATION OF 
THE MARINE BIOLOGICAL LABORATORY 


I. The annual meeting of the members shall be held on the second 
Tuesday in August, at the Laboratory, in Woods Hole, Mass., at 12 
o'clock noon, in each year, and at such meeting the members shall 
choose by ballot a Treasurer and a Clerk, who shall be, ex officio, 
members of the Board of Trustees, and Trustees as hereinafter pro- 
vided. At the annual meeting to be held in 1897, not more than 
twenty-four Trustees shall be chosen, who shall be divided into four 
classes, to serve one, two, three, and four years, respectively, and 
thereafter not more than eight Trustees shall be chosen annually for 
the term of four years. These officers shall hold their respective 
offices until others are chosen and qualified in their stead. The Direc- 
tor and Assistant Director, who shall be chosen by the Trustees, shall 
also be Trustees, ex officio. 

II. Special meetings of the members may be called by the Trustees, 
to be held in Boston or in Woods Hole at such time and place as may 
be designated. 

III. The Clerk shall give notice of meetings of the members by 
publication in some daily newspaper published in Boston at least 
fifteen days before such meeting, and in case of a special meeting 
the notice shall state the purpose for which it is called. 

IV. Twenty-five members shall constitute a quorum at any meeting. 

V. The Trustees shall have the control and management of the 
affairs of the Corporation; they shall present a report of its condition 
at every annual meeting; they shall elect one of their number Presi- 
dent and may choose such other officers and agents as they may think 
best; they may fix the compensation and define the duties of all the 
officers and agents; and may remove them, or any of them, except 
those chosen by the members, at any time; they may fill vacancies 


occurring in any manner in their own number or in any of the offices. 


They shall from time to time elect members to the Corporation upon 
such terms and conditions as they may think best. 
VI. Meetings of the Trustees shall be called by the President, or 
by any two Trustees, and the Secretary shall give notice thereof by 
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written or printed notice sent to each Trustee by mail, postpaid. 
Seven Trustees shall constitute a quorum for the transaction of busi- 
ness. The Board of Trustees shall have power to choose an Execu- 
tive Committee from their own number, and to delegate to such Com- 
mittee such of their own powers as they may deem expedient. 

VII. The President shall annually appoint two Trustees, who shall 
constitute a committee on finance, to examine from time to time the 
books and accounts of the Treasurer, and to audit his accounts at the 
close of the year. No investments of the funds of the Corporation 
shall be made by the Treasurer except approved by the finance com- 
mittee in writing. 

VIII. The consent of every Trustee shall be necessary to a dissolu- 
tion of the Marine Biological Laboratory. In case of dissolution, the 
property shall be given to the Boston Society of Natural History, or 
some similar public institution, on such terms as may then be agreed 
upon. 

IX. These By-Laws may be altered at any meeting of the Trustees, 
provided that the notice of such meeting shall state that an alteration 
of the By-Laws will be acted upon. 


X. Any member in good standing may vote at any meeting, either 


in person or by proxy duly executed. 





IV. TREASURER’S REPORT 


For THE YEAR ENDING DECEMBER 31. IQIO 


INCOME 
BN TE a ke cdeacdeandscksntarecue Oe 
Donations (Charles R. Crane) 8,500.00 
Miscellaneous : 
Interest on deposit........... $ 38.89 


14.00 
52.40 
Div. on 35 shs. Woods Hole 
Yacht Club 350.00 
Mosquito survey 
Check not used i 856.11 
Supply department ,300.58 
Mess (net) 551.97 


Tuitions ,150.00 


$23,964.06 


Administration Q00.00 


99.31 
Biological Bulletin (net) 512.70 


Advertising 


Boats and launch 502.77 


Botany 10.05 


Chemicals, chemist supplies, etc 783.23 


Fish trap 88.35 


PING, QUNUIR 565n cenc cece anjaseae 3,180.00 
Insurance 

Interest 

Labor 


Mosquito survey 
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789.60 
Postage os 89.06 
Repairs 1,377.09 


Sundries 1,900.20 
Supply department 6,958.25 $ 


Surplus 


ITEMIZED List oF SUNDRY EXPENSES FOR THE YEAR IQIO 


Announcements and expense mailing 
UNA sah at chien oh pe elnte re amare Boa eb pone 
Care of cemetery lot 


Carting ashes 


ND AE CRIES onc tv ewesesacsaeaneee 
Express 

Freight and hauling 

Gas machine expense 

Howes’ bill 

0s Ce SIS oo ann caseceneas ewe 
Instruments, laboratory supplies.............. 
Laundry 


Lecture 


EE ran 
Rent of typewriter 

Spring water 

Stationery, office supplie 

Steel hand cart 

Sundry supplies 

Teaming 


Telephone 
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Treasurer’s office, clerical services 
Trustees’ dinner 


I sone dct seccastawseeees 


Wooden cases 





MARINE BIOLOGICAL LABORATORY 
INVESTMENTS 


JANUARY 1, Ig11 


RESERVE FUND 
Amount of fund December 1, 1899 $4,553.14 


Received from life memberships................ 600.00 
sneome to January 


Paid for current expenses of Laboratory ,000. $1,615.49 


Reserve fund now consists of the following: 
$3000 Am. Tel. & Tel. Co. 4s cost 
6 shs. Am. Smelting & Refining Co. Pfd. cost 


5 shs. General Electric Co. cost............ 
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4,615.49 
The above stocks and bonds are held as collateral 


for loan of 3,000.00 $1,615.49 


Liprary FUND 


Amount of fund December 1, 
Income to January 


$1,643.31 
Library fund now consists of the following: 
3 shs. Am. Tel. & Tel. Co. cost 
4/5 of $1000 Am. Tel. & Tel. Co. 4s cost.... 779.00 
I sh. Am. Smelting & Refining Co. Pfd. cost 122.00 
2 shs. General Electric Co. cost 


$1,643.31 
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LucreT1A CrocKER FUND 


Amount of fund December 1, 1899 ,500.00 
Income after paying students’ fees.............. 522.41 


EDR Cre tie Le Saban ee eke aie ae 1.90 $3,024.31 


Lucretia Crocker Fund now consists of the following: 
18 shs. Vermont & Mass. R. R. Co. cost......$2, 
1 sh. West End St. Ry. Co. cost 
1 sh. Am. Tel. & Tel. Co. cost 
1/5 of $1000 Am. Tel. & Tel. Co. 4s cost.... 
1 sh. General Electric Co. cost 





V. THE DIRECTOR’S REPORT 


To THE TRUSTEES OF THE MARINE BIOLOGICAL LABORATORY : 


Gentlemen: I have the honor to submit herewith a report of 
the twenty-third session of the Marine Biological Laboratory for 
the year 1910, and some recommendations for future develop- 
ment. 

We record with sorrow the loss by death during the year of 
three members of the board of trustees: Dr. C. A. Herter, Pro- 
fessor D. P. Penhallow and Professor C. O. Whitman. It is 
fitting that due expression of the sense of our loss should be 
given in the form of resolutions to be spread upon the minutes 
of the board and sent to the families of our lamented colleagues. 
The death of Professor Whitman was sudden and unexpected. 
He was taken with pneumonia on November 30 and died on 
December 6. Memorial services in his honor were held at the 
University of Chicago on December 8, and his body was laid in 
the laboratory lot in the Episcopal Cemetery at Woods Hole on 
December 10 in the presence of a small gathering of his former 
associates and friends, who alone were able to attend. 

Professor Whitman’s death may be said to mark the close of 
the first period of development of the Marine Biological Labora- 
tory. As director for the first twenty-one years of the existence 
of the Laboratory, more than any other person he gave the Labora- 
tory its status and its ideals. In a very fitting way, therefore, 
we may say that the Laboratory is a monument to his memory. 
But it is desirable and due that some permanent memorial should 
mark his last resting place near the institution that he loved so 
well, and it is recommended that a committee be appointed to 
take this matter in charge. 


The staff of instruction in 1910 comprised 29 members, repre- 


senting eighteen institutions. Acknowledgment should again be 
made to the members of the staff of investigation who rendered 
their services freely. 
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The attendance of workers at the laboratory comprised 62 
investigators and 64 students—a total of 126 as compared with 
66 investigators and 63 students, total, 129, in 1909, and 52 


investigators, 48 students, total 100, in 1908. There was a grati- 
fying increase in the number of subscribing institutions, from 19 
in 1909 to 24 in 1910. One of the subscribing institutions of 
1909 dropped out this year. The new subscribing institutions 
were Dartmouth College, Massachusetts Agricultural College, 
The Rockefeller Institute for Medical Research, The University 
of Illinois and the Washington University Alumni Association. 
The membership of the corporation was also somewhat in- 
creased. The receipts of the supply department increased from 
$8,549.55 in 1909, to $9,300.58, in IgI0. 

No definite progress was made in the plan for a permanent 
building during the year, except that steps have been taken to 
secure the possession of more land that is necessary for the 
protection of our present holdings. Success has been attained 
in this direction and I think we may say that we are distinctly 
nearer the realization of the permanent building, not only in 
point of time but in preparedness. This raises definitely two 
questions: first, as concerns the nature and use of the building, 
and second, concerning administration affairs of the laboratory. 

As regards the building, I believe that the committee that was 
appointed December 30, 1909, was fully agreed that the new 
building should provide for the library and for a certain number 
of research rooms. This committee has not formally met and I 
do not present this as an official report from the committee. 
But on the assumption that provision would be made for re- 
search rooms on a more adequate scale and with better equip- 
ment than the present quarters, I think that we should begin to 
ascertain the attitude of certain universities and research institu- 
tions with reference to the maintenance of quarters for investi- 
gation to be available. throughout the year. Such an inquiry 
may seem premature; but when we consider that the character 
of the building to be erected must depend to a certain extent 
upon the financial support of institutions for its maintenance, I 
think it will be admitted that we can not move too soon in the 
direction of receiving assurances. 
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The second question concerns administration. As matters 
now stand the burden of administering the affairs of the labora- 
tory falls rather heavily on men who already have a full assign- 
ment of work in their own universities. There is no question but 
that the work of the laboratory could be made more effective in 
all respects if we had an administrative officer who devoted 
his entire time to the affairs of the laboratory ; it is also question- 
able whether the laboratory can continuously retain the services 
of men under present conditions, when their work is given at the 
expense of effectiveness in their university work and their re- 
search. It is therefore recommended, that, as soon as may be, 
the office of assistant director be made a resident position for 
the entire year. Under such an arrangement all our relations 
should prosper better: with the investigators, with the students, 
and with institutions. The expense involved would probably be 
a diminishing amount owing to improvement in laboratory condi- 
tions generally. 

As soon as plans are definitely under way for a permanent 
building, such an officer would be necessary to supervise the 
details decided on by the committee on the building, and to make 
investigations on behalf of the committee; and later when the 
laboratory was erected to receive investigators at other seasons 
of the year besides the summer. He should be furnished with 
assistance adequate to leave him sufficient time for research. 

There are appended as parts of this report (1) a list of the 


staff, (2) lists of investigators and students in attendance, (3) a 


comparative tabular view of attendance, (4) the names of sub- 
scribing institutions, (5) the evening lectures, (6) a list of mem- 
bers of the corporation. 





THE STAFF, 1910 


F. R. LILLIE, Drrector, 


Professor of Embryology, University of Chicago. 


GILMAN A. DREW, Assistant DrREcTOor, 


Professor of Biology, University of Maine. 


ZOOLOGY 


I, INVESTIGATION 
Zodlogy and Embryology 


BG, CORBA io cic.dis wr Professor of Zoology, Princeton University 
(Absent in IgIo.) 

GILMAN A. DREw Professor of Biology, University of Maine. 

GeEoRGE LEFEVRE Professor of Zodlogy, University of Mis- 
souri. (Absent in 1910.) 

Peane &. Lasim,........- Professor of Embryology, University of 
Chicago. 

Tuos. H. MontTGoMERY, Jr.Professor of Zodlogy, University of Penn- 
sylvania. 

Te, EA BERGA on5.cisaviee Professor of Experimental Zodlogy, Colum- 
bia University. 

Be tbs WOREOIE, sss ose Professor of Zodlogy, Columbia University. 


II, INSTRUCTION 

WintTErRTON C. Curtis... Professor of Zodlogy, University of Mis- 
souri. 

ORIG IE. TEMA 50 ais wc sin Professor of Biology, College of Charleston, 

and Director of the Charleston Museum. 

Epwarp E. WILpMAN....Central High School, Philadelphia. 

Joun W. Scott Westport High School, Kansas City. 

tes NL cannes Fellow in Zodlogy, University of Pennsyl- 
vania. 

Oe Assistant in Zodlogy, Columbia University. 
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EMBRYOLOGY 


INVESTIGATION. (See Zodlogy) 


Il. INSTRUCTION 


Girman A. Drew Professor of Biology, University of Maine. 

LoraNnvE L, WooprurF... Assistant Professor of Biology, Yale Uni- 
versity. 

Witt1aM E. Ketticottr.. Professor of Biology, Goucher College. 

Rozert A. Bupincton... Associate Professor of Zodlogy, Oberlin 
College. 


PHYSIOLOGY 


I. INVESTIGATION 


Avzert P. Matuews.... Professor of Physiological Chemistry, Uni- 
versity of Chicago. 

oe ee Professor of Physiology, University of St. 
Louis. 

ERE Instructor in Comparative Physiology, Uni- 
versity of Pennsylvania. 


II, INSTRUCTION 


H. H. NewMAN......... Professor of Zodlogy, University of Texas. 
Frank P. Know.ton....Professor of Physiology, Syracuse Uni- 
versity. 
Instructor in Physiology, University of 
Chicago. 


PHILOSOPHICAL ASPECTS OF BIOLOGY AND 
ALLIED SCIENCES 


LECTURES 


Epwarp G. SPAULDING... Assistant Professor of Philosophy, Prince- 
ton University. 


BOTANY 


Georce T. Moore Professor of Plant Physiology and Applied 
Botany, Washington University. 

Grorce R. LyMAN.......2 Assistant Professor of Botany, Dartmouth 
College. 
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B. M. Duccar Professor of Plant Physiology, Cornell Uni- 
versity. 

er hie wank Professor of Biology, Randolph-Macon 
College. 

Lewis KNnupson ........Instructor in Plant Physiology, Cornell Uni- 


versity. 


LIBRARY 


H. McE. KNower University of Cincinnati, Librarian. 


CHEMICAL SUPPLIES 


O.iver S. STRONG College of Physicians and Surgeons, 


Chemist. 


G. M. Gray Curator of Supply Department 

Tuomas M. Doutuart.. Collector in Zoology. 

ARTHUR W. TAYLOR Collector in Botany, Salem High School, 
Salem, Mass. 

JouN VEEDER Cockswain. 





INVESTIGATORS 


1910 


OCCUPYING ROOMS 


1. ZOOLOGY 


Avpison, W. H. F., University of Pennsylvania. 

3eckwiTH, Cora J., Instructor in Biology, Vassar College. 

Browne, Erne N., Instructor, Bennett School, Millbrook, New York. 

3upincToN, Rogpert A., Associate Professor of Zodlogy, Oberlin College. 

Cary, L. R., Princeton University, Princeton, N. J. 

Ciark, Exior R., Associate in Anatomy, Johns Hopkins University. 

Curtis, W. C., Professor of Zodlogy, University of Missouri. 

Dopps, Gipgon S., Professor of Biology, St. Louis University Medical School, 
St. Louis, Mo. 

Drew, Gitman A,, Professor of Biology, University of Maine. 

Harrison, Ross G., Bronson Professor of Comparative Anatomy, Yale 
University. 

Harvey, E, Newton, Columbia University, New York City. 

Jarvis, May M., Tutor in Zodlogy, University of Texas. 

KeLticott, WiLt1AM E., Professor of Biology, Goucher College. 

Knower, Henry McE., Professor of Anatomy, University of Cincinnati. 

Littie, Frank R., Professor of Embryology, University of Chicago. 

Loes, Leo, Assistant Professor of Experimental Pathology, University of 
Pennsylvania. 

McInvoo, Norman E., Fellow in Biology, University of Pennsylvania. 

MontcomMery, T. H. Jr., Professor of Zodlogy, University of Pennsylvania. 

Morcan, T. H., Professor of Experimental Zodlogy, Columbia University. 

Mursacu, Louis, Central High School, Detroit, Michigan. 

Patterson, J. THomas, Instructor in Zodlogy, University of Texas. 

QuacKenBusH, L, S., Columbia University. 

Rea, Paut M., Professor of Biology, College of Charleston. 

Scott, Joun W., Westport High School, Kansas City, Mo. 

Spencer, Henry J., Assistant in Zodlogy, Columbia University. 

SPAULDING, Epwarp G., Assistant Professor of Philosophy, Princeton 
University. 

Strronc, O. S., Instructor in Anatomy, College of Physicians and Surgeons, 
New York City. 

Warkinson, Grace B., Columbia University. 

Werser, Ernest I., Assistant in Anatomy, Johns Hopkins University. 

Wetts, H. G., Associate Professor of Pathology, University of Chicago. 

Witpman, Epwarp E., Central High School, Philadelphia, Pa. 
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Witson, E. B., Professor of Zodlogy, Columbia University. 
Wooprvurr, L. L., Assistant Professor of Biology, Yale University. 


2. PHYSIOLOGY 


Donatpson, H. H., Professor of Neurology, Wistar Institute. 

HIRSCHFELDER, ARTHUR D., Associate in Medicine, Johns Hopkins Medical 
School. 

KNOWLTON, Frank P., Professor of Physiology, Syracuse University, College 
of Medicine. 

Kine, W. O. RepMan, Rockefeller Institute for Medical Research, New York 
City. 

Logs, Jacgues, Rockefeller Institute for Medical Research, New York City. 

Lituie, R. S., Instructor in Physiological Zodlogy, University of Pennsylvania, 

Matuews, A. P., Professor of Physiological Chemistry, University of Chicago, 

Newman, H. H., Professor of Zodlogy, University of Texas. 

Pike, Frank H., Instructor in Physiology, University of Chicago. 

Rocers, Cuarves G., Associate Professor of Physiology, Syracuse University. 

WasTeneEys, Harpoipn, Rockefeller Institute for Medical Research, New York 
City. 

3. BOTANY 

Bessey, Ernest A., Professor of Botany, Michigan Agricultural College. 

Duccar, BENJAMIN M., Professor of Plant Physiology, Cornell University. 

Knupson, Lewis, Instructor in Plant Physiology, Cornell University. 

Lewis, Ivey ForeMan, Professor of Biology, Randolph-Macon College. 

Lyman, GeorGeE R., Assistant Professor of Botany, Dartmouth College. 

Moore, Georce T., Professor of Plant Physiology and Applied Botany, Wash- 
ington University, St. Louis, Mo. 

Tuomas, Mason B., Professor of Botany, Wabash College. 

Osternout, W. J. V., Assistant Professor of Botany, Harvard University. 

Smiru, Erwin F., Pathologist in charge Laboratory of Plant Pathology, U. S. 
Department of Agriculture, Washington, D. C. 


OCCUPYING TABLES 


1. ZOOLOGY 


Attyn, Harriet, University of Chicago. 


Davis, SARAH ELLEN, Student, Columbia University. 
Linton, ELeanor A., Washington, Pa. 
KeLLey, Frank, J., University of Pennsylvania. 


Witson, Herrick E., Assistant in Geology, Oberlin Colleg- 
SPOONER, GEORGIANA B., Palo Alto, Cal. 


2. PHYSIOLOGY 


DonaLpson, JoHN CALVERT, 3310 Race Street, Philadelphia, 
TasuHiro, Suro, Fellow, University of Chicago, 


3. BOTANY 


Taytor, ArtHuUR W., Warren, Mass. 





STUDENTS 


Ig10 


INVERTEBRATE ZOOLOGY 


Saker, Rita G., 72 Huntington Avenue, Boston, Mass. 

3ecL, Mary M., Oberlin College, Oberlin, Ohio. 

BopwetL, Heten E., 137 Main Street, Andover, Mass. 
CasuMaANn, Marie E., Syracuse University, Syracuse. New York. 
Coar, Hersert G., Dartmouth College, Hanover, N. H. 

EppoweEs, FLorence E., Goucher College, Baltimore, Md. 
Estasrook, A. H., Johns Hopkins University. 

Fenner, Hattie, University of Kansas, Lawrence, Kansas. 
Fietp, Leanor A., Mount Holyoke College, South Hadley, Mass. 
Gavin, HeLen, 28 West 97th Street, New York City. 

Krantz, Hazer I., Syracuse University, Syracuse, N. Y. 

Lee, Horace N., University of Maine, Orono, Maine. 

McLaine, Leonarp S., Massachusetts Agricultural College. 
Martin, BertHa E., Mount Holyoke College, South Hadley, Mass. 
Martin, Susie E., Mount Holyoke College, South Hadley, Mass. 
Mase, YAeE Kemesak1, Aichiken, Japan. 

Mook, Cuartes C., Columbia University, New York City. 

Moon, EvANGELINE A., 436 Manhattan Avenue, New York City. 
Morriss, May J., 485 Central Park West, New York City. 
Oscoop, Marian S., Mount Holyoke College, South Hadley, Mass. 
Paice, Beryt H., Mount Holyoke College. 

Patten, Hazer, Goucher College, Baltimore, Md. 

Pearson, Leonarp S., Academy of Natural Sciences, Philadelphia. 
Sevin, GerTRUDE K., Syracuse University. 

Sink, Emory W., University of Michigan, Ann Arbor, Mick. 
Torr, Emity, 428 West 20th Street, New York City. 
Witkinson, Georce N., Bucknell University, Williamsport, Pa. 
Wituiams, Annie E., Cochituate, Mass. 

Wiswe i, Amy P., East Machias, Maine. 

Wricurt, Cora B., Sheridan, New York. 


ZaBRISKIE, HELEN M., Vassar College, Poughkeepsie, N. Y. 


EMBRYOLOGY 


Aspott, Marcaret B., 413 West Front Street, Plainfield. N. J. 
AppLeton, Josepn L., State College, Pa. 

Ennis, Acnes A., Barnard College, Columbia University. 
Just, Ernest E., Howard University, Washington, D. C. 
Kuntz, Atpert, State University of Iowa. 
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Leavitt, GeorGe C., University of Maine, Orono, Maine. 

Me ten, Ipa M., 530 Carleton Avenue, Brooklyn, New York. 
Prentiss, Henrietta, Normal College, New York City. 
ReDELINGS, Lesiie R., Northwestern University, Evanston, III. 
Situ, Isaset §S., Illinois College, Jacksonville, Ill. 

Uritman, Henry J., Rush Medical College, Chicago, Ill. 


PHYSIOLOGY 


Davis, NATHAN Smiru III, 8 E. Huron Street, Chicago, Illinois. 
Marks, Henry S., University of Rochester, Rochester, N. Y. 
Srark, Mary B., St. Olaf College. 

SterHenson, J. C., University of Chicago, Chicago, IIL. 
WHITENTON, Rospert O., University of Chicago, Chicago, IIl. 


BOTANY 


1. Plant Structures and Responses 


CHANDLER, JEAN Forrest, 4651 North Lincoln Street, Chicago, III. 
CLEMENT, Frank H. P., Tilton, N. H. 
WELLs, CoLtitin, Dartmouth College, Hanover, N. H. 


Jennison, Harry M., Massachusetts Agricultural College. 


2. Morphology and Taxonomy of the Alge 


BruGcer, HeLen F., Mount Holyoke College, South Hadley, Mass. 
Cottey, Recrnatp H., Dartmouth College, Hanover, N. H. 
Curtis, Otis F., Oberlin College, Oberlin, Ohio. 

Dawson, Ava B., 97 Mountfort Street, Boston, Mass. 
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THE SEX RATIO IN HYBRID RATS. 
HELEN DEAN KING, 


THE Wistar INSTITUTE OF ANATOMY AND BIOLOGY. 


It has frequently been stated that the sex ratio in mammals 
can be altered by hybridizing, although there are but few series 
of observations that give support to such a view. Buffon (1709- 
1788) seems to have been one of the first to note the apparent 
excess of males among hybrid offspring; but as his records com- 
prise only a comparatively small number of cases they cannot be 
considered to afford conclusive evidence that hybridizing changes 
the normal proportion of the sexes. 

In recent times little attention has been paid to the question 
of the sex ratio in hybrid offspring. Davenport ('06) ascertained 
the sex of 377 out of a total of 950 hybrid fowls obtained in an 
extensive series of investigations on inheritance in poultry, and 
found 204 males and 173 females. Taking the sex ratio for 
any given lot of individuals as the number of males to each 100 
females, it is found that among these hybrids the sexes exist 
in the ratio of 117.91 males to 100 females. This sex ratio seems 
to indicate that there is a pronounced excess of males among 
hybrid fowls, yet Davenport states that the proportion of the 
sexes in hybrids is normal, and that ‘‘the exceptions to the law 
of equality of sexes in hybrid offspring are individual and not of 
general significance.” Davenport attributes the excess of males 
among his 377 hybrid fowls to a difference in the death rate of 
the two sexes, yet he gives no figures to show that among young 
poultry more females die than do males. Human statistics, 
as well as the records I have been collecting for the albino rat, 


indicate that mortality is greater among young males than among 


young females. Davenport’s conclusion does not appear to apply 
to hybrid birds in general, as Guyer ('03, 09) found a great excess 
of males among hybrid pigeons, and the data which he has 
collected regarding the sex of other hybrid birds show a very 
much greater number of males than of females in practically 
every case. 
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In order to study the color combinations in hybrid mice von 
Guaita ('98, ’00) crossed albino mice with Japanese waltzing 
mice and inbred their descendants through six generations. In 
his various tables von Guaita gives the sex of the great majority 
of the hybrid offspring obtained in each generation, yet he makes 
no comment whatever on the relative proportion of the sexes 
in these individuals. For the purpose of comparing the sex 
ratio in hybrid mice with that in hybrid rats, von Guaita’s sex 
records have been collected and the sex ratios calculated for the 
individuals in each generation. The data thus obtained are 
shown in the following table. 


TABLE I. 


Sex DaTaA FOR HYBRID MICE (VON GUAITA). 


Generation. No. Hybrids. Sex Unknown. Males. Females. No. Males to 
100 Females. 


3t 3 16 133-33 
45 oO 21 87.50 
77 o 39 a 102.63 
134 21 60 52 113.20 

9 48 3° 126.31 
25 18 5 


407 SI 189 7 [13.17 


According to these records von Guaita obtained a total of 
407 hybrid mice; but he gives the sex of only 356 individuals, 
of which 189 were males and 167 were females. In this lot of 
hybrids, therefore, there are 113.17 males to 100 females. This 
sex ratio is undoubtedly higher than that which is normal for 
either of the two species with which the experiments began. 
Schultze ('03) found a nearly equal proportion of the sexes in 
over 1,000 albino mice that had been bred under different environ- 
mental conditions; a similar relation between the sexes existed 
in the 135 waltzing mice bred by Yerkes ('07). 

Raymond and Maud D. Pearl (’08) have tabulated over two 
hundred thousand records of legitimate births occurring in the 
city of Buénos Ayres during the years 1896-1905 inclusive, in 
order to ascertain whether there is a tendency towards an excess- 
ive production of offspring of one sex in cross as compared with 
pure matings. Their tables show that in pure matings, either 
among Argentine, Italian or Spanish stock, the number of males 
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to each 100 females ranges from 100.77 to 105.55 in various 
cases. Among these races, therefore, the same relation of the 
sexes exist as is normally found when any large number of human 
births are examined. When the parents were of different racial 
stock there is a marked increase in the relative number of males: 
the sex ratio showing from 105.72 to 106.74 males for each 100 
females. The general conclusion reached by these investigators 
is that “there is a definite tendency towards an excessive pro- 


duction of male offspring in cross as compared with pure matings 


in the data considered. Further, it appears that this tendency 


is uniformly exhibited in all the matings.”’ 

The records given above comprise all the sex data for consider- 
able numbers of hybrid offspring that I have been able to find. 
All of these records are in complete accord, since in each case 
there is an excess of males that is much greater than that which 
is probably normal for the parent stock. 

For several years past Dr. S. Hatai, of the Wistar Institute, has 
been crossing the wild Norway rat (Mus norvegicus) with the 
albino rat (Mus norvegicus albinus) and breeding their descend- 
ants, in order to obtain material for a study of the central nervous 
system in hybrid rats. The records for the many hybrid off- 
spring that have been examined include the sex data, and Dr. 
Hatai has generously offered me the use of these records for the 
study of the sex ratios that is given in the present paper. As 
far as I am aware, there are no published statistics regarding 
the proportion of the sexes among hybrid rats, although three 
investigators, von Fischer (’74), Crampe (’84) and Bos (’94), 
have carried on extensive hybridizing and inbreeding experiments 
with these animals. 

Cuénot (’99) examined 30 litters of young albino rats containing 
a total of 255 individuals, and found among them a sex ratio of 
105.6 males to 100 females. Records which I have made of the 
sex of 452 young albino rats belonging to 80 litters give a sex 
ratio of 107.33 males to 100 females. The sex ratio in the 
albino rat, therefore, agrees with that for man and various other 
mammals, since the number of the males is slightly greater than 
that of the females. 


No statistics have as yet been collected regarding the normal 
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proportion of the sexes among wild Norway rats. Judging from 
the sex ratio found in general among the mammals, it is very 
probable that there is approximately an equality of the sexes 
in the wild Norway rat as in the albino rat. In the total of 607 
albino rats examined by Cuénot and by myself there was found a 
sex ratio of 106.46 males to 100 females. This sex ratio is consid- 
ered, throughout this paper, to express the probable normal rela- 
tion between the sexes in the wild rat as well as in the albino rat. 

Four series of experiments were made in which albino rats 
were crossed with wild Norway rats. Records are available 
for a total of 163 individuals belonging to the F,; generation, 
of which 89 were males and 74 were females. Among these 
hybrids, therefore, there is a sex ratio of 120.26 males to 100 
females. Although this sex ratio is much higher than that which 
is probably normal for either of the parent species, it is not as 
high as that found in von Guaita’s first generation of hybrid 
mice where the sexes existed in the ratio of 133.33 males to 100 
females (Table I.). 

All of the hybr:d rats belonging to the F; generation for which 
records were made were at least five months old when they were 
killed and examined; the few individuals that died before reach- 
ing maturity were not included in the records. It cannot be 
determined with any degree of certainty, therefore, to what 
proportion of the entire number of offspring belonging to the F, 
generation the above sex ratio applies. Very few of the young 
rats died, as far as is known, and there is no reason to suppose 
that the mortality was greater among the young females than 
among the young males. It seems probable, therefore, that the 
sex ratio in the 163 individuals for which data are available is 
fairly representative for the entire number of offspring produced 
in the course of the various experiments to which they belonged. 

Two of the four series of experiments mentioned above were 
extended by mating various individuals belonging to the first 
generation of hybrids. In pairing these animals no attention 
was paid to their blood relationship, and undoubtedly nearly 
related individuals were mated in many cases. 


In one series of experiments only a very small number of 


individuals belonging to the second generation of hybrids died 
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before reaching maturity, and the 114 rats for which records are 
at hand form a very great majority of all of the offspring pro- 
duced. Of these individuals 61 were males and 53 were females; 
this gives a sex ratio of 115.09 males to 100 females. 

In the other series of experiments the majority of the indi- 
viduals belonging to the F, generation died while immature, and 
records were made for only 27 individuals. Since twice as many 
females as males reached maturity, it is evident that in this 


instance either the mortality was much greater among the young 


males than among the young females or that there was a very 
unequal distribution of the sexes in the newborn rats. 

Individuals from only one lot of hybrids belonging to the 
second generation were mated. The animals were paired accord- 
ing to color, their possible blood relationship being entirely dis- 
regarded. Dr. Hatai found, as have other investigators who 
have bred hybrid rodents, that there is increasing infertility 
among individuals belonging to succeeding generations of hybrids. 
The total number of hybrid offspring belonging to the F; genera- 
tion was relatively small: many of the rats were stunted in their 
development, and the majority of them died before reaching 
maturity. Since records are available for only 23 of these 
individuals the sex ratio among them can give no idea of the 
probable ratio in a large number of hybrids belonging to the 
third generation. 

Since in mating individuals belonging to the first and to the 
second generation of hybrids no attention was paid to their 
blood relationship, it is very probable that in some cases closely 
related individuals were paired. There is the possibility, there- 
fore, that inbreeding might have had some influence on the sex 
of the descendants. According to Diising (’84), a noticeable 
increase in the number of male offspring is produced by inbreed- 
ing, in man as well as in various mammals. Inbreeding could 
have had little, if any, influence on the sex ratios in these various 
lots of hybrid rats. The sex ratio found among the 114 hybrids 
of the F: generation which comprise practically all of the off- 
spring produced in the series of experiments to which they be- 
longed, is somewhat less than that found among the offspring 
produced by crossing pure stock (Table II.). The data for 
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the other individuals belonging to the F2 generation, as well as 
those for the hybrids of the Fs; generation, show an excess of 
females. These latter records cannot be considered to furnish 
evidence against Diising’s theory, since they include such a 
very small number of individuals. There seem to be no records, 
except those given by Diising, that show that inbreeding alone 
produces a relatively greater number of male than of female 
offspring. Schultze was unable to detect any change in the 
sex ratio of albino mice that had been inbred for four generations, 
and I have found no unusual excess of males among some 500 
individuals belonging to five generations of inbred albino rats. 

Records are available for 121 other hybrid rats, most of which 
were the offspring of reciprocal crosses. These individuals all 
belonged to the F: or to the F; generation of hybrids; and among 
them were 72 males and 49 females. These hybrids were selected, 
because of their size and condition, from a considerable number of 
individuals for which no records were made. There was, there- 
fore, undoubtedly an unconscious selection of males in choosing 
the rats to be examined, since the adult male rat is considerably 
larger and heavier than the female. The data for these various 
lots of selected individuals have been combined in one group, 
since they are of value only because they show the sex of a 
considerable number of hybrids. 

The following table gives a summary of the sex records for 
all of the hybrid rats recorded. 


TABLE II. 


Sex DATA FOR HyBrRID Rats. 


Generation. No. Hybrids. Males. Females. No. Males to 100 
Females. 


F, 163 89 74 120.26 
F, 114 61 53 115.09 
F: 27 9 18 50.00 
Fe and Fs; 121 72 49 146.93 


425 231 194 119.07 


In the total of 425 hybrid rats for which records were made, 
231 were males and 194 were females. Among these individuals, 
therefore, there is found a sex ratio which is considerably higher 
than that which is probably normal for either the albino or the 
wild Norway rat, since there are 119.09 males to 100 females. 
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If from the above table we omit the records for the 27 indi- 
viduals belonging to the F: generation of hybrids which formed 
only a very small percentage of the total number of offspring 
produced in the experiment to which they belonged and also 
the records for the selected individuals belonging to the F, and 
to the F; generation, there remain the data for 277 individuals 
which comprise the very great majority of the hybrid offspring 
obtained in several series of experiments. It would seem as if 
the sex ratio in these individuals might justly be taken to repre- 
sent the probable sex ratio in any large lot of hybrid rats. Of 
these individuals 150 were males and 127 were females; this 
gives a sex ratio of 118.11 males to 100 females. This sex ratio 
is but very little lower than that found in the total number of 
hybrids for which records are at hand, and it is not very much 
higher than that in the 356 hybrid mice bred by von Guaita 
(Table I.). 

The excess of males among these hybrid rats is seemingly 
beyond the limits of normal variation in the proportion of the 
sexes in the pure stock, and it is too uniform in the various series 
of experiments to be attributed to chance. It appears, therefore, 
that hybridizing alters the sex ratio by producing a marked 
increase in the relative proportion of males. This conclusion is 
in essential agreement with that reached by Buffon, by R. and M. 
Pearl and by Guyer. 

Guyer (’09) has offered an explanation for the excess of males 
among hybrid offspring which accords with the theory, advocated 
by a number of investigators, that sex is determined in the ovary 
chiefly by nutritive conditions. Guyer suggests that in the zy- 
gote produced by cross fertilization there would probably be 


‘“‘more or less default in the metabolic processes because of the 


incompatibilities which must necessarily exist between two germ- 


plasms so dissimilar.’ An interference with the metabolic 
processes would naturally retard the constructive phases of 
metabolism in the fertilized ovum, and therefore tend to the 
production of relatively more males, since the theory assumes 
that females are produced only when the conditions are most 
favorable for constructive metabolism. 


To explain the sex ratio in hybrids according to the current 
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hypothesis that the male is the sex-determining factor seems to 
necessitate the further assumption that fertilization is selective 
when individuals belonging to different races are crossed, the 
egg offering greater resistance to the entrance of a spermatozoan 
that is female-producing than to one that is male-producing. 
There is little evidence, as yet, that fertilization is ever selective. 
The probability of its occurrence as a normal phenomenon has 
recently been advocated by Heape (09), although Wilson (10) 
considers it ‘“‘so improbable as almost to invalidate any inter- 
pretation into which it enters.” 

Guyer (’03) has shown that there is considerable amount of 
degeneration in the testes of many hybrid pigeons; abnormal 
mitoses and misshapen spermatozoa being of frequent occurrence. 
Other observers have stated that the gonads in hybrids are more 
or less defective; but none of them have made a histological 
investigation in order to asertain what structural changes have 
been produced. Guyer’s observations strongly suggest that 
results of value may be obtained by a study of the gonads in 
other hybrids. Material is being collected for an investigation 


of the gonads in hybrid rats, in the hope that it will at least give 
some clue to the cause for the increased sterility in succeeding 
generations of hybrids, even if it affords no evidence that will 
enable one to offer a satisfactory explanation for the altered sex 
ratio in hybrid forms. 
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THE RHYTHMICAL MOVEMENTS OF LITORINA 
LITOREA SYNCHRONOUS WITH OCEAN TIDES.! 


J. D. HASEMAN. 


INTRODUCTION. 

Through the kindness of Dr. Sumner, the writer was given an 
opportunity to work in the laboratory of the Bureau of Fisheries 
at Woods Hole, Mass., during the summer of 1907. He is in- 
debted to Dr. Sumner for many valuable suggestions. 

The purpose of the present paper is to show that the move- 
ments of Litorina litorea, which are synchronous with ocean 


tides, are not due, directly, to either geotropism or phototaxis 


but to the action of the film of water on the more or less exposed 
snails. In arriving at this conclusion many experiments were 
performed not only in the laboratory but also under natural 
conditions. In addition, the exact habitats of three species of 
Litorina were studied in detail. Such observations are necessary 
when the natural oscillations of Litorina, which correspond to 
the rise and the fall of the tides, are to be considered. 

Lastly the writer will attempt to show that Litorina litorea 
does not retain a rhythm, which is synchronous with the tides, 
either in quiet aquaria or in nature when the effects of films of 
water have been removed by keeping the snails permanently 
submerged. 

I. THe Hasirat oF Litorina. 

(a) Individuals of Litorina rudis are as a rule found on rocks 
which lie between the tidal marks, but occasionally an individual 
occurs on rock weeds and even on the muddy shore. This 
species was abundant everywhere in the region of Woods Hole, 
excepting in Grape and Tashmo ponds, both of which are brackish. 

(b) Individuals of Litorina palliata live as a rule on rock weeds 
which grow between the tidal marks. This species was not en- 
countered at Nobska Point or in Grape, Lagoon and Tashmo 


‘ The final preparation of this paper has been delayed on account of the writer’s 
long trip in South America for the Carnegie Museum. Only the more important 
results are stated and many of the details have been omitted. 


113 





It4 J. D. HASEMAN. 


ponds. It is always more abundant along protected coasts and 
hence its absence from Nobska Point, which is exposed to the 
open sea, was to be expected. 

(c) Individuals of Litorina litorea (said to have been imported 
to the American coast from Europe) usually live on rocky surfaces 
which lie between the high-tide mark and one foot below the low- 
tide mark. The species was not found in Tashmo Pond but a 
few young individuals were seen in Grape Pond living on trans- 
planted oysters. This observation, taken in connection with 
others described below, indicates that the absence of Litorina from 
these brackish ponds was not due, directly, to the lower specific 
gravity that exists there. 

In order to explain the restricted distribution of Litorina the 
following observations and experiments were made: 

A. Food.—Litorina pailiata is nearly always found on two 
common species of rock weeds, and its supply of food is doubt- 


less associated with these plants, while Litorina rudis and 


litorea eat small green alge which grow more abundantly on 


the rocks which are situated between the tidal marks. 

When individuals of Litorina litorea were placed in shallow 
aquaria, which contained rocks from the sea shore, from Lagoon 
Pond or from the street and contained also pieces of glass and fish 
they came to nest for the most part on the rocks taken from 
normal sea water. The snails, which were taken from the 
entrance to Lagoon Pond with their accompanying rocks, also 
settled on the sea rocks. 

B. Salinity —When individuals of Litorina litorea were placed 
in a mixture of equal parts of fresh and sea water, they were 
able to crawl about; but when they were placed into a mix- 
ture of two parts fresh and one part sea water, all died within 
eight days. When they were placed in sea water, to which as 
much as fourteen grams of sun evaporated sea salt had been 
added to each 800 ¢.c. of sea water, all died within eight days. 
The specific gravity of the various test solutions indicated that 
Litorina could live in water which has a lower specific gravity 
than was observed in Grape and Tashmo ponds. 

C. Temperature-—The variation in the temperature along the 


coast did not appear to affect the distribution of Litorina. Snails 
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were subjected to much greater changes of temperature than 
occur along the coast and no observable effects were detected. 

D. Pressure.—Several individuals of Litorina litorea were sub- 
merged in cages, which contained sea shore rocks, to a depth of 
8, 18 and 30 feet of water. Two weeks later the snails appeared 
to be perfectly normal. 

E. Aeration.—Litorina litorea is very sensitive to slight changes 
in aération and consequently it is very difficult to arrange the 
condition in an aquarium so that they behave normally. 

F. No direct effects of light on the distribution of Litorina 
could be detected either by,experiment or direct observations 
made in nature. 

G. Waves.—When individuals of Litorina litorea are violently 
splashed by waves, they become quiescent. 

H. Character of the Surface ——Individuals of Litorina litorea are 
rarely found on either sand or mud, due in part to the absence 
of food in such places and in part to the difficulty encountered in 
crawling over such surfaces. This is especially true when the 
waves constantly change the position of the same and hence 
tumble the snails about at random. 

1. Moisture.— Litorina litorea does not crawl on dry surfaces. 


I]. FACTORS WHICH DETERMINE THE MOVEMENTS OF Litorina. 

It appears evident from the preceding data that the charac- 
ter of the surface, moisture and food are the chief factors which 
determine the litoral distribution of these snails. But as I hope 
to demonstrate in the following pages, these three factors pro- 
duce random movements of the snails and should not be con- 
founded with the factors which directly produce rhythmical move- 
ments corresponding to the rise and fall of the tides. 

The following experiments and observations will, I think, deter- 
mine what the ‘directive force’’ of rhythmical movements is.! 

1. The snails which are located on flat horizontal surfaces 


between the tidal marks do not show rhythmical movements 
which correspond to those of the tide. The snails which are 


located or placed below the low-tide mark on either a vertical 
or a horizontal surface do not show rhythmical movements. 


rhe majority of the experiments are easily performed along the seashore by 
marking the snails and the stones. 
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But the snails which are located on any more or less vertical 
surface between the tidal marks do exhibit rhythmical movements 
which correspond to those of the tides. 

2. When a stone, which has snails crawling on a flat surface 
below the low-tide mark, is raised and lowered in the sea, the 
snails do not show rhythmical movements which correspond with 
those of the stone, i. e., their movements were not directive. 
The same results are obtained when, with the flat surface hori- 
zontal, the stone is raised out of and lowered into the sea. But 
when, with the surface vertical, the stone is raised out of and 
lowered into the sea, the snails at once showed rhythmical move- 
ments which correspond to those of the stone. These same snails 
were known (from observations made on snails placed between 
the tidal marks and below the low-tide mark) to have shown in 
some cases and not to have shown in other cases rhythmical 
movements during several days previous to the experiments. 
Therefore any alleged retained rhythm has nothing to do with 
the above results. 

Even more interesting is the fact that when, with a vertical 
surface, a stone, upon which snails were crawling at random, was 
raised out of the sea, the snails always followed the vanishing 
film of water even when the vertical surface was rotated through 
an angle of 180°. In this case the rotation of the vertical surface 
would reverse the direction of motion of the film of water and 
the snails would at once turn around and follow it. But if most 
of the water was previously removed from the surface of the 
stone, in order that the film might entirely disappear before the 
snails (which were crawling downward in the direction of the 
vanishing film) had reached the lower surface, and if, as the 
film was drying up, the vertical surface was rotated through 
an angle of 180°, the snails continued to crawl for some time 
in the direction in which they had started. In other words, 


the snails crawled upward instead of downward. They con- 


tinued to crawl thus until the rough surface, food and moisture 
either deflected or stopped their movements. In the above ex- 
periment, the mere turning of the moist but filmless surface 
through an angle of 180° does not seem adequate to reverse at 
once the reaction to gravity and light, if either of these have a 
direct influence on the rhythmical movements of Liforina. 





RHYTHMICAL MOVEMENTS OF LITORINA. 117 


3. When the eyes of Litorina litorea are destroyed, they still 
show rhythmical movements, on vertical surfaces between the 
tidal marks. Individuals of Litorina litorea also oscillate with 
the tides during dark nights. 

4. During the months of July and August, the writer could 
not detect any relative change in the position of snails on large 
boulders. If phototaxis is an important factor, a marked change 
would be expected because the daily lagging of the tides as well 
as the diurnal and monthly changes of the relative solar position 
of the earth, constantly change the relative angle of the rays 
of light. * 

5. When it rains on exposed snails, they become quiescent 
just as they do when splashed by the water. Therefore during 
stormy as compared with fair days, a considerable difference in 
the amount of oscillations of Litorina litorea was noted. 

6. Submerged snails could be only slightly or not at all directed 
by currents of water. The currents were produced artificially 
and also by moving stones with snails through the water. Hence 
the behavior of Litorina on vertical surface between the tidal 
marks is not of a rheotropic nature. 

7. When individuals are left high and dry on vertical surfaces 
during low tide, they come to rest ‘“‘directed upward,” 1. e., 
with their head end toward the sky. This is true for all sides 
of the stones and is obviously due to the shape of the aperture 
of the shells which makes it far easier for exposed individuals 
to cling thus to vertical surfaces. 

8. Individuals of Litorina litorea are on an average found 
slightly higher on the north side of large boulders than on the 
south side. This appears to be due to greater moisture and a 
higher growth of both algz and barnacles over which snails crawl 
with difficulty. 

9. Some bottles partly filled with water and air plus hydrogen 
and others partly filled with carbon dioxid were used to test 
the effect of crawling out of the water into a gaseous medium and 
vice versa. No differences were detected from that of crawling 


out of water into the atmosphere unless so much hydrogen and 
carbon dioxid were used that the snails were asphyxiated. 


10. Thin films of olive oil and kerosene were placed on water 
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in aquaria to test the effect of surface tension. Under these 
conditions the snails had considerable difficulty in breaking the 
surface film and always hesitated at the surface pushing them- 
selves to the right and to the left until their bodies were elevated 


sufficiently to break the surface tension. Their behavior under 


the above condition showed that the hesitation on entering and 


leaving the surface was due to the surface film and not to photo- 
taxis, hydrotaxis or chemotaxis. 

11. When individuals of Litorina litorea, rudis and palliata 
were placed in a small round aquarium equal areas of which were 
painted brown, yellow and dark olive, they as a rule came to 
rest on the dark olive sector, rarely stopped on the brown sector 
and still more rarely on the yellow sector. When the same 
snails were placed in a similar unpainted aquarium before a 
window, about one half of them came to rest on the lighter side 
and half on the darker side. The position of the aquaria were 
interchanged and the same results were obtained. Various 
shading experiments were tried and neither positive or negative 
phototaxis could be detected. In nature one sees snails crawling 
at random from lighter areas into shaded areas and vice 
versa. 

The writer was unable to detect why the snails stopped on 
the dark olive sector, but inasmuch as such conditions are not 
met on vertical surfaces of stones between the tidal mark, the 
results appear to have nothing to do with the rhythmical move- 
ments of Litorina. 

12. Many snails were placed in quiet aquaria and aquaria in 
which running water was kept at a constant level and they never 
exhibited any signs of oscillations which corresponded to those 
of the tides. In these experiments, snails which were known to 
have been previously oscillating with the tides were used. | 
also placed snails, which had been oscillating with the tides, 
on vertical surfaces below the low tide mark and an average ol 
many counts did not show rhythmical movements which corre- 
sponded to those of the tides.'| Only when the snails are touched 
by the surface film of water are directive movements called 


forth. 


1 Morse has recently obtained a similar result. 
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DISCUSSION. 


Mitsukuri (’o1) found that the roughness of the surface scatters 
the snails and that they never crawl on dry surfaces. He also 
stated that Litorina exigua hesitated on entering the water and 
concluded that their oscillations with the tides were due to photo- 
taxis. In this connection the writer found that the snails 
hesitated as much on leaving the water as they did on entering it. 
This fact, taken in connection with several of my experiments 
and especially those on surface tension, show that the observed 
hesitation was due to the effect of the surface film of water and 
not to phototaxis. 

Bohn (’05) also concludes that phototaxis is the important 
factor which determines the oscillatory movements of Litorina. 
He states that Litorina rudis, obtusata and litorea have for all 
their lives been desiccated again and again, and when placed in 
quiet aquaria, all three species retained a period of rhythm 
synchronous with the tides and lasting from thirteen hours to 
fourteen days. My observations show that Litorina litorea does 
not have such an established rhythm. 

The behavior of Litorina in experiment 2 is sufficient to show 
that the ‘directive force’’ in their rhythmical movements 
synchronous with the tides is the film of water and not phototaxis. 
Also the fact, that only snails on vertical surfaces between the 
tidal marks have oscillatory movements, shows that the directive 
force is not phototaxis because many snails on flat horizontal 
surfaces could crawl to the edge of the surface and descend to 
the base of the stone. Especially the observations made during 
dark nights as well as many other experiments already cited 
indicate that Bohn’s view is untenable. 


CONCLUSION. 


In conclusion, then, it appears that submerged individuals of 


Litorina litorea craw] about on large stones at random, perhaps 


in search of food. They never crawl on dry surfaces and con- 
sequently are not found above the high-tide mark. When the 
tide rises, the environment is temporarily enlarged and con- 
sequently many submerged snails on more or less vertical surfaces 
by mere chance will crawl up higher. 
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The individuals which were previously left high and dry are 
already directed upward and hence follow the rising tide. Be- 
fore maximum high tide is reached, the unevenness of the surface 
along with the presence and absence of food scatter the snails 
at random because the rapidly rising tide soon submerges them 
and then there is no “specific directive force.”’ 

When the tide begins to fall some of the snails are already 
crawling downward and those that are not will be directed thus 
by the surface film. During a falling tide, some snails are 
crawling down beneath the surface, some with the surface, and 
some above the surface. As the tide falls lower and lower, 
many snails lag behind more and more until they are finally left 


on filmless surfaces under which conditions there is no specific 


directive force and such snails are left exposed. This lagging 
appears to be due to feeding, rough surfaces, rough sea, rapid 
fall of the tide and the more rapid desiccation on certain days. 
As a result of all these factors the amount of oscillation varies 
from day to day. 

The snails on either flat horizontal surfaces between the tidal 
marks or on any kind of a surface below the low-tide mark have 
no ‘‘specific directive force’? and consequently do not exhibit 
oscillatory movements synchronous with the ocean tides. 


SUMMARY. 

1. Litorina rudis, palliata and litorea are found in definite 
zones. 

2. Individuals of Litorina lilorea, located on vertical surfaces 
between the tidal marks, exhibit oscillatory movements which 
correspond to those of the tides but they do not exhibit such 
movements when they are located either on flat horizontal sur- 
faces between the tidal marks or on any kind of a surface below 
the low-tide mark. 

3. The primary directive force for rhythmical movements is 
the surface film of water. The secondary directive forces are 
the quiescent position of desiccated individuals, character of the 
surfaces, moisture and food. 

4. Litorina litorea has no established rhythm in the absence 
of tidal changes. 
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THE LETHAL EFFECT OF PURE DISTILLED 
WATER ON THE VINEGAR EEL 
(ANGUILLULA ACETI).! 


JAMES FRANCIS ABBOTT ano ETHEL LEIGH RICHARDS 


The question of the toxicity of distilled water for aquatic 
organisms appears to be still an open one. An excellent summary 
of the literature of the subject has been given by Bullot.2 Ringer 
first noted that distilled water is toxic for a variety of organisms, 
and attributed this toxicity to (1) an abstraction from the organ- 
ism of salts which are necessary for its life, or (2) the penetration 
of water into the cells through osmosis, or (3) the imbibition of 
water by the “intercellular substance.’’ About the same time 
a contrary opinion was advanced by Nageli® who claimed that 
it is not the purity of the water but the presence of the slightest 
trace of copper (even so small a quantity as 1/77,000,000) that 
gives water its toxic qualities, whereas if water of this sort is 
redistilled in glass it loses its toxicity. Shortly after this, Locke 
questioned Ringer’s conclusions and decided that the latter's 
results too were due to the presence of copper rather than the 
toxicity of the water and in 1895‘ confirmed his belief by experi- 
ments with the tadpole and Tubdifex. Ringer® then retested his 
experiments and partially recalled his former conclusions, agree- 
ing with Locke that “pure water (7. e., that distilled in glass) is 
completely harmless for the animals in question. This was con- 
firmed by Jennings for Paramecium, Miss A. Moore for trout 
and tadpole and F. R. Lillie for Planaria. On the other hand 
Lyon® investigated the action of distilled water on developing 
Arbacia larve and found that artificial sea water made up of tap 


water or ordinary distilled water, whether vaporized in copper or 


glass, is very toxic for these larvae although tap water which has 


1 From the Zodlogical Laboratory, Washington University, St. Louis, Mo. 
? Bullot, Univ. of Calif. Pub., Physiol., I., 1904, 199. 

3 Nageli, Denksch. d. Schweiz. Naturforsch. Gesells., Bd. 33, 1803 

‘Locke, Jour. Phys., 18, 1895, 319. 

5 Ringer, Jour. Phys., 2 

®Lyon, BIOL. BULL., 6, 1904, 198. 
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been boiled long enough to concentrate it one third is much less 
toxic than ordinary distilled water. For this and other reasons 
he concluded that the chief toxic agent in such waters is the 
ammonia which they hold in solution. In fact he found that the 
larve often developed better in ammonia-free artificial sea water 
than in normal sea water, a result that niay be due, as he suggests, 
to the presence of ammonia in natural sea water. 

About the same time Bullot! published a thorough investigation 
of the toxicity of distilled water for the fresh water Gammarus 
and found that the water distilled over glass with all the pre- 
caution employed.in a physical chemistry laboratory was toxic 
for this form although to a less extent than water distilled over 
copper. He found, however, that the presence of NaCl in such 
a dilution as is expressed by a concentration of 0.00008N enables 
the Gammarus to live indefinitely in such a medium. Loeb? 
suggests that in such a case, ‘‘ The presence of a trace of NaCl in 
the distilled water possibly preserves the membrane better or 


maintains better the secretory activity of the cells, so that the 


animal can be freed from the excess of water which diffuses into 


” 


it. 

The group of Nematodes is noted for the extraordinary resist- 
ance which the cuticle offers to external media. The common 
vinegar or paste eel, Anguillula aceti, is well known to occur 
normally in weak vinegar, although acetic acid is to most organ- 
isms a rapidly acting poison. Angutllula aceti has been observed 
in our laboratory to live more than 24 hours in Tellyesnicky’s 
fixing fluid and three or four hours in Gilson’s fluid. The cuticle 
of this worm might therefore be expected to be quite unaffected 
by such ions as ordinary distilled water may contain. It is of 
interest to note in this connection that Devaine’ in his biological 
investigation of the vinegar eel observed that the worms live 
at most but eight days in distilled water. This effect might be 
due to the lack of the acetic acid which ordinarily forms a part 
of their normal environment or to the direct effect of the water 
itself. It was soon found that although the worms live best in 


1 Bullot, 7. c. 
* Loeb, J., ‘“‘Dynamics of Living Matter,”’ p. 50, 1906. 


> Compl. Rend., T. 61, 1865, p. 259. 
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an environment of weak vinegar, it is the sugar rather than the 
acetic acid which appears to be the essential element of the 
medium. 

With the hope of analysing the relations of this organism to 
its environment, a number of lines of investigation have been 
taken up in connection with the reactions of the nematodes 


to various media and to different food substances. The present 


paper deals only with the effect produced on the worms by 


distilled water. The worms used in these experiments were 
found in rather stale weak vinegar of an acidity of 8/10 N. No 
difficulty was experienced in breeding them abundantly in the 
laboratory both in this medium and in cider. Two kinds of dis- 
tilled water were employed. One of these was such as is used in 
the ordinary work of the laboratory. This was distilled in an 
automatic copper still and will be designated “‘A.’’ The second 
water, which will be designated ‘‘B,”’ was obtained by distilling 
the first kind over potassium dichromate and sulphuric acid, con- 
densing in block tin out of contact with the air and redistilling 
over barium hydrate. The first six tenths of this distillate was 
rejected and the remainder gave an extremely pure sample, 
CQ.-free and showing no ammonia reaction (Nesler test) even 
after the lapse of twelve hours. This water when tested in a 
conductivity apparatus of the department of physical chemistry 
gave no measurable conductivity with a resistance of 20,000 
ohms and may be considered to be practically free from electro- 
lytes. It was kept in well steamed, hard glass bottles. In each 
experiment every precaution was taken to remove all traces of 
the medium in which the worms were living. The worms were 
washed 6 to 8 times with distilled water in a centrifuge, and in the 
cases where the distilled water “‘B’’ was used, two or three times 
more in this. They were then allowed to remain in the ‘“B” 
water for about 24 hours to insure a thorough rinsing. Finally 
they were again washed in pure water previous to their insertion 
in the new medium. The bottles and test tubes used to contain 
the worms in the first two sets of experiments were of ordinary 
soft glass and in the latter ones, Schott and Genossen, Jena resist- 
ance glass was employed. These containers were thoroughly 


soaked in chromic acid, and previous to use were repeatedly 
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rinsed in distilled water. They were then steamed for a greater 
or less length of time under pressure of 150 pounds. An attempt 
was made to put as nearly as possible the same number of 
worms in each culture tube but owing to their minute size it 
was of course impossible to do more than approximate the 
number. 

Contrary to expectations the worms lived much longer in the 
ordinary laboratory water “A,” presumably full of copper and 
ammonia than in that distilled over potassium dichromate and 
free from COs, NHs3, copper and other ions. In ‘‘A” and soft 
glass tubes they lived 31 days. In ‘‘B”’ water and soft tubes 
they lived sixteen days and in ‘“B”’ water and Jena insoluble 
tubes they lived but six days. These results would seem to 
indicate that the presence of the electrolytes in ordinary distilled 
water and of the ions dissolved from the glass prolonged the 
life of the worms. Because of the fact that the purer the water 
the greater its solvent power on glass, it is still to be determined 
whether this effect is due to the substances dissolved from the 
glass or to the copper and other ions in the distilled water itself. 
In the series with ‘‘B”’ water and Jena glass, in which the worms 
lived but six days, there were no impurities in the water and 
practically no solvents from the glass. So we are forced to 
conclude that the toxic character of the water itself was the cause 
of the death of the worms. This is borne out by observations 
on the behavior of the worms under such conditions. The outer 
integument of the nematode in contrast to its normal hardness 
and resistance, appeared to become very viscous after a sojourn in 
pure water. When any obstacle was encountered in swimming, 

the side of the tube or the surface of the water, or other worms, 
the organisms stuck fast. This alteration of the natural condi- 
tion of the cuticle was so marked that after a time the worms 
bunched together in masses, unable to free themselves or else 
coming in contact with the surface of the water, they hung 
suspended. This effect would seem to bear out Loeb’s suggestion 
quoted above. That there isa marked taking up of water on the 
part of the organism seems quite evident. The body becomes 
swollen and the worms lose their elasticity, becoming more or 


less rigid through turgor and swimming with the body almost in 
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a straight line without the characteristic twitching of the ends 
The worms grow more and more impotent until at last in- 


stead of swimming directly towards the surface as is usually the 


case, they swim in a haphazard manner and in spite of instinctive 
efforts to reach the top of the water are unable to advance more 
than an inch or two, falling back towards the bottom with 
every effort. This may be due to decreased vitality but may also 
be due to a greater weight on account of the imbibition of water. 
Repetitions of these experiments have confirmed the results in 
every instance. Experiments have been undertaken to determine 
what ions control or effect the permeability of the cuticle to 
the water. 


SUMMARY. 

1. Angutllula aceti succumbs in six days to very pure water 
free from electrolytes whereas in ordinary distilled water it will live 
for much longer periods. 

2. The toxic qualities of the pure water appear to reside in 
its solvent effect on the normally resistant cuticle of the worm 
which is rendered much more permeable to water. 

3. Death is accompanied by physical manifestations suggestive 
of great imbibition of water by the tissues. 

4. The presence of electrolytes in the medium, derived either 
from solution of the glass culture tube or carried by ‘“‘impure”’ 
samples of distilled water, prolongs the life of the organisms in 
question, apparently by preserving the character of the membrane 
so that the tissues will not imbibe water. 














